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ABstrAct
External apical root resorption is a common phenomenon associated with orthodontic treatment. The factors relevant to 
root resorption can be divided into biological and mechanical factors. Some mechanical and biological factors might be 
associated with an increased or decreased risk of root resorption during orthodontic treatment. For mechanical factors, 
the extensive tooth movement, root torque and intrusive forces, movement type, orthodontic force magnitude, duration 
and type of force are involved. For biological factors, a genetic susceptibility, systemic disease, gender and medication 
intake have been demonstrated influence root resorption. Orthodontic therapy of patients with increased risk of root 
resorption should be carefully planned. Medical history, medication intake, family history, tooth agenesis, root morphol-
ogy, oral health and habits must be considerate if  we do not want jeopardize our patients by severe root resorption. To 
monitor apical root resorption the standard procedure is a radiographic examination after 6 months of treatment.  In 
teeth with enhanced risk, a 3-month radiographic follow-up is recommended. The administration of anti-inflammatory 
drugs might suppress root resorption induced by orthodontic therapy, although none study was enough conclusive to 
indicate a protocol for patients with enhanced risk.  In the event of multiple external root resorption, the diagnostic 
procedure should focus on the exclusion of the local factors and its associations (such as magnitude, duration and type 
of orthodontic force; periodontal disease; root form) that might lead to external root resorption. Systemic disorders as-
sociated with phosphorus-calcium metabolic alterations shall be suspected. This review searched the current knowledge 
of the mechanical and biological aspects of root resorption in orthodontic tooth movement. 
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cONcEPt
Orthodontic tooth movement is based on force-induced 
periodontal ligament and alveolar bone remodeling. 
Necrosis of periodontal ligament on the pressure side with 
formation of a cell-free hyaline zone followed osteoclast 
resorption of  the neighbouring alveolar bone and bone 
apposition by osteoblasts on the tension side are the well-
described typical histological characteristics of these pro-
cesses. The resorption process of dental hard tissues seems 
to be triggered by the activity of cytokines as well as that 
of bone. Immune cells migrate out of the capillaries in the 
periodontal ligament and interact with locally residing cells 
by elaborating a large array of signal molecules (1).  
External root resorption (ERR) is a problem observed in 
association with orthodontic movement. The factors rele-
vant to ERR can be divided into biological and mechanical 
factors (2).  For mechanical factors, the extensive tooth 
movement, root torque and intrusive forces, movement type, 
orthodontic force magnitude, duration and type of force 
are involved. For biological factors, a genetic susceptibility, 
systemic factors (hormone unbalance), teeth agenesis, and 
medication intake have been demonstrated influence in root 
resorption (2-4). This review searched the current knowledge 
of the mechanical and biological aspects of root resorption 
in orthodontic tooth movement.
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EPIDEMIOLOGY
External apical root resorption is a common phenomenon 
associated with orthodontic treatment and can begin in the 
early leveling stages of orthodontic treatment. The preva-
lence among the researches varies widely. Means values 
ranging from 0.5 to 3 mm of root shortening during treat-
ment have been reported (2). A frequency of severe apical 
root resorption of 5-18% has been reported (5). Killiany (6) 
reported root resorption of > 3 mm to occur at a frequency 
of 30%, with only 5% of treated individuals found to have 
> 5 mm of root resorption.  Resorption occurs primarily 
in the maxillary anterior teeth, averaging over 1.4 mm. The 
worst resorption is seen in maxillary lateral incisors (7). 
Orthodontic patients with detectable root resorption during 
the first six months of active treatment are more likely to 
experience resorption in the following six-month period 
than those without (8). 
One of the difficulties in assessing the causes of ERR is to se-
parate the contribution made by genetic factors from those due 
to environmental factors, such as treatment and drugs. Family 
clustering of ERR has been suggested. Direct evidence for a 
genetic component was demonstrated with use of the sib-pair 
model and estimated the heritability to be 70% (3). No evidence 
was found for a sex or age difference in susceptibility. 
PAtHOGENIsIs AND cLINIcAL PIctUrE 
Genetic susceptibility
Interleukin-1 (IL-1) and tumour necrosis factor (TNF) are 
pro-inflammatory cytokines known to induce synthesis 
of  various proteins that, in turn, elicit acute or chronic 
inflammation. Al-Qawasmi et al. (9) identified linkage 
disequilibrium between the IL-1B gene and ERR in ortho-
dontically treated individuals. Another candidate gene for 
ERR is TNFRSF11A, which encodes the receptor activator 
of nuclear factor-kappa B (RANK), located in the same 
region as do familial expansile osteolysis and a form of fa-
milial Paget disease of bone (10). RANK is a member of the 
TNF-receptor superfamily and, together with the RANK 
ligand, mediates signaling leading to osteoclastogensis (11). 
Another candidate gene for ERR in orthodontic treatment 
is tissue non-specific alkaline phosphatase (TNSALP), the 
product of which plays an important role in mineralization 
and cementum formation. Mice lacking a functional TN-
SALP gene have defective acellular cementum formation 
along the molar roots and delayed tooth eruption (12). 
Previous studies implicate TNF-alpha in bone remodeling in 
vitro and in vivo (13), supporting its inclusion as a candidate 
gene for EARR. TNF, found in human gingival sulcus, is 
elevated during tooth movement (14).
In two large studies of more than 860 cases, Sameshima & 
Sinclair (7, 15) showed that adult patients present more re-
sorption than children only in mandibular anterior segment; 
Asian patients presented significantly less root resorption 
than white or Hispanic patients.  Ngan et al. (16) investiga-
ted the genetic contribution to orthodontic root resorption. 
Monozygotic dizygotic twins were evaluated and the results 
indicated a genetic component to root resorption.
Influence of systemic diseases and medications intake 
A study determined whether there is an association between 
excessive root resorption and immune system factors (17). 
The prevalence of root resorption found was 10.3%. Allergy, 
root morphology abnormality and asthma showed be high-
risk factors for the development of excessive root resorption 
during orthodontic tooth movement.  The modifying effect 
of several pharmacological agents on orthodontic ERR also 
has been examined. Among them, L-thyroxine has been 
shown to have an inhibitory effect and clinical application 
has been attempted (18). Similar effects have been shown for 
prednisolone in rats, in which low doses of corticosteroids 
during orthodontic treatment decrease root resorption (19). 
Studies have been published describing anti-inflammatory 
properties of tetracyclines (and their chemically modified 
analogues) unrelated to their antimicrobial effect. A signi-
ficant reduction in the number of mononucleated cells on 
the root surface was observed. Such cells have been related 
to ERR (20). 
The bone turnover can influence orthodontic treatment. 
High bone turnover (i.e. hyperthyroidism) can increase 
the amount of tooth movement compared with the nor-
mal or low bone turnover state and adult patients. Low 
bone turnover (i.e. hypothyroidism) can result more root 
resorption, suggesting that in subjects where a decreased 
bone turnover rate is expected, the risk of root resorption 
could be increased (21). Bisphosphonates, potent inhibitors 
of  bone resorption, causes a significant dose-dependent 
inhibition of root resorption in rats after force application. 
These results prompt that a thorough case history regarding 
possible pathophysiological conditions influencing bone 
metabolism should be performed on an individual patient 
basis. In subjects where increased bone turnover rates are 
expected, the reactivation of the appliance could be perfor-
med more frequently. However, in patients where decreased 
bone turnover rates are expected, the reactivation should be 
carried out less frequently and the risk of root resorption 
should be carefully evaluated (21). 
These results suggest that the administration of anti-infla-
mmatory drugs might suppress root resorption induced by 
orthodontic therapy. Owman-Moll & Kurol (22) conduc-
ted a vast review investigating some factors that might be 
associated with orthodontically induced root resorption. 
A series of studies were analyzed and the table was repro-
duced (Table 1).
Local determinants
The tooth movement type, orthodontic force magnitude, 
duration and type of force also can alter the severity of root 
resorption. The intrusion of teeth causes about four times 
more root resorption than extrusion (23). Another study 
showed that the teeth activated with the superelastic wire 
(constant force) moved significantly more than the teeth 
with the steel wire (intermittent force). The depth of the 
resorption lacunae did not differ significantly between the 
groups, however, perimeter, area, and volume of the resorp-
tion lacunae on the teeth of the “superelastic group” were 
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140 per cent greater than on the teeth of the “steel group” 
(24). Teeth with abnormal root shape (pipette, pointed, or 
dilacerated) (7), long, narrow, and deviated roots (25) appear 
be more susceptible to suffer ERR.
Root resorption in hypofunctionally non-occluding teeth 
during tooth movement also was evaluated (26). Root 
resorption was significantly greater in these teeth than in 
those with a normal periodontium. The results suggest that 
orthodontic movement of non-occluding teeth should be 
performed with caution. Since the hypofunctional periodon-
tium exhibited progressive atrophic changes in all functional 
structures, this might have accelerated the root destruction 
resulting from the mechanical stress of orthodontic force 
(26). Also it was demonstrated that periodontal disease, 
habits (nail-biting, lip/tongue dysfunction) (22) and multiple 
aplasia (four or more teeth) (5), in particular in teeth with 
an abnormal root form, increases the risk of ERR during 
orthodontic treatment. 
MANAGEMENt AND PrOGNOsIs
The diagnosis is uncertain during the first months of treat-
ment. After 5–6 months a reliable radiographic diagnosis of 
apical root resorption can be performed (27). To evaluate 
root shape and position most clinicians order panoramic 
or periapical radiographs in addition to the cephalometric 
radiograph. Periapical radiographs are an important part 
of orthodontic records. They are useful to compare pre-
treatment and post-treatment root resorption. Maxillary 
incisors are affected more frequently and to a greater degree 
than the rest of the teeth during active treatment (7). Also, 
root resorption of the upper incisors during the initial 6-9 
months of treatment with fixed appliances gives a high risk 
for continued resorption during the subsequent treatment. 
Therefore, it would be prudent to take periapical radiogra-
phs periodically during treatment (8). 
Although there are advantages of the panoramic film (less 
radiation exposure, less patient chair time, less operator 
time, and better patient cooperation) root shape is much 
harder to assess on panoramic films. In cases where the 
apices are obscured or other factors are present that might 
suggest higher risk for root resorption or vertical bone loss, 
periapical films should be ordered. Digital images have more 
advantages comparing to the conventional radiographs due 
to a higher quality, reduction in radiation of approximately 
70% and no chemicals. Moreover brightness, contrast and 
saturation can be modified on the digital images which 
can make ease the identification of anatomic tissues and 
pathologies (28). When root resorption is detected during 
active treatment, a decision must be made as to whether to 
continue, modify or discontinue the treatment. Extremely 
heavy forces should be avoided, since they have been shown 
to produce greater resorption activity. 
The potential benefit of treating young teeth was investiga-
ted by Mavragani et al. (29). Roots that were incompletely 
developed before treatment reached a significantly greater 
length than those that were fully developed at the start of 
treatment. The results of this study show a definite advan-
tage for younger teeth with regard to post-treatment root 
length. This finding may influence treatment planning 
strategy.
cOMPLEMENtArY EXPLOrAtION
Currently, there are no reliable markers to predict either 
which patients will develop ERR or the severity of ERR 
Factors Influence 
Dental Health  
Root morphology, i.e. pipette shaped, blunt, 
abrupt root deflection, narrow root, 
taurodontism  
+ 
Tooth agenesis + 
Pre-treatment root resorption + 
Endodontically treated teeth  + / - 
Oral Health  
Gingivitis, periodontal disease + 
Medical Health  
Allergies, asthma, arthritis, hypothyroidism 
and diabetes 




Nail-biting, lip/tongue dysfunction + 
Medication  
Aspirin - 
Tetracyclines (and their chemically modified 
analogues) 
- 
table 1. Some local and systemic factors which might be associated 
with the risk of root resorption during orthodontic treatment. Increased 
(+), decreased (-) or (+/-) when the results of the studies are conflicting. 
Table modified of Owman-Moll & Kurol (22).
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following orthodontic tooth movement. The association of a 
specific IL-1B allele and ERR, which accounts for approxi-
mately 15% of the total ERR variation seen in orthodontic 
patients, has emerged as a potential genetic marker (9). 
Multigenic nature, such as IL-1B gene, TNF family gene 
and TNSALP, appear to influence ERR, although to what 
extent is not yet known.
After 3 months, apical root resorption can be detected in 
only a few teeth. The number increase significantly after 
6 months. To monitor apical root resorption the standard 
procedure is a radiographic examination after 6 months of 
treatment.  In teeth with enhanced risk, such as teeth with 
blunt and pipette-shaped apices, a 3-month radiographic 
control follow-up is recommended (27).
Orthodontic therapy of patients with increased risk of root 
resorption should be carefully planned. Habits, medical his-
tory, medication intake (principally diseases and drugs that 
might affect bone turnover), family history, tooth agenesis, 
root morphology, oral health must be considerate if  we do 
not want jeopardize our patients by severe root resorption. 
Results showed potential advantage for younger teeth with 
regard to post-treatment root length. The administration 
of anti-inflammatory drugs might suppress root resorption 
induced by orthodontic therapy, although none study was 
enough conclusive to indicate a protocol for patients with 
enhanced risk.  
In the event of  multiple ERR, the diagnostic procedure 
should focus on the exclusion of the local factors and its 
associations (such as magnitude, duration and type of or-
thodontic force; periodontal disease; root form) that might 
lead to ERR. Systemic disorders associated with phospho-
rus-calcium metabolic alterations such as hypothyroidism, 
hyper- or hypoparathyroidism, hypophosphatemia, sarcoi-
dosis (as an occasional cause of  hypercalciuria), Paget’s 
disease, osteogenesis imperfecta, calciuria and a history of 
nephrolithiasis shall be suspected (30).
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